Today's increasing prevalence of obesity and overweight in childhood has become a global health concern \[[@b1-cm-92-52]\] and considered as an epidemic issue in the community \[[@b2-cm-92-52]--[@b4-cm-92-52]\]. According to statistics in studies around the world, there are 43 million overweighed and obese children \[[@b5-cm-92-52]\].

Obesity and overweighting in children are also a considerable problem in Iran, and there is an increasing growth of prevalence of obesity among children in Iran comparing to other countries. \[[@b6-cm-92-52],[@b7-cm-92-52]\]. Obesity and overweight in childhood are associated with significant outcomes such as obesity at older ages, diabetes, hypertension and stroke in adulthood \[[@b8-cm-92-52]--[@b12-cm-92-52]\]; also studies show the effects of obesity on the increased risk of mortality and reduced life expectancy \[[@b13-cm-92-52]\].

Most of the non-communicable diseases are rooted in childhood and overweight at this age group and on the other hand, healthy diet and eating habits, the nutritional status and breakfast consumption are the most important factors influencing the status of obesity and health during childhood. The most effective factor is the child's weight status \[[@b14-cm-92-52]\]. Good nutrition is a "cornerstone of good health" as described by the World Health Organization \[[@b15-cm-92-52]\]. Healthy and fit nutrition is one of the prominent prevention of obesity in children and their youth \[[@b16-cm-92-52]\], since at this specific age children are growing and they need proper and healthy nutrition to have proper growth conditions \[[@b17-cm-92-52]\]. Also, schoolchildren are more active, so they are in greater need for good nutrition \[[@b18-cm-92-52]\]. Solid evidence exists that inadequate nutrition is related with hindered growth and delayed mental advancement \[[@b19-cm-92-52]\].

Healthy nutritional diet at a young age ensures better development and health status in the coming years of a person's life \[[@b16-cm-92-52]\]. Regular breakfast consumption would be an important remedy to obtain adequate calorie intake and healthy lifestyle later at a younger age \[[@b20-cm-92-52]\]. Breakfast is a basic requirement for children and needs to be introduced in school in order to improve the nutritional security of children. In this regard, breakfast is recommended in schools \[[@b21-cm-92-52],[@b22-cm-92-52]\], in order to obtain cognitive function, reduce stress and obesity problems \[[@b22-cm-92-52]\], increase the child's academic performance \[[@b23-cm-92-52]\] and reduce obesity and overweight \[[@b24-cm-92-52]\]. Whenever children's essential nutrition and wellness needs were considered, they have the intellectual vitality to learn and accomplish higher grades in school \[[@b25-cm-92-52]\].

A child that is all around sustained with an adjusted eating routine will increment in weight and such child additionally includes in some sort of activity to keep the body fit \[[@b26-cm-92-52]\].

Skipping breakfast can also indirectly affect child academic performance, by this we mean that if children considered breakfast consumption at this age it would greatly reduce the risk of obesity \[[@b14-cm-92-52]\] which is an obstacle to students' academic performance \[[@b27-cm-92-52]\]. Since the nutritional status and dietary habits of children can be effective in the health of the individual and have harmful consequences \[[@b28-cm-92-52]\], regular breakfast consumption is recommended at different ages, especially at early childhood \[[@b29-cm-92-52]\]. Shortage of food is known as one of the most important barriers to learning in school \[[@b30-cm-92-52]\]; according to studies in Iran, a large percentage of students go to school without breakfast, and those who have eaten breakfast may have sometimes not high quality breakfast \[[@b31-cm-92-52]\]. Eating breakfast is not common among people, especially children \[[@b14-cm-92-52]\]. Turning to possible solutions, an obvious step would be proposing breakfast programs at the school to improve students 'academic and cognitive performance and this seems to have a positive impact on students' academic performance \[[@b30-cm-92-52]\]. But it remains with no such plan in Iran. Considering the importance of eating breakfast at school age and the need for information for planning and decision making, and the lack of comprehensive study in this field in the country, this study aimed to investigate the status of breakfast habits, nutritional status and its relationship with the academic performance of elementary school students in Tehran during the academic year 2016.

Materials and methods
=====================

Study design and sampling
-------------------------

This cross-sectional study was conducted among elementary school students in the age range of 8 to 12 years in Tehran. Multi-stage sampling was used to select the samples. First, Tehran was divided into five sections: North, South, East, West and Central. Then, by referring to the Ministry of Education in each region, a list of profit and nonprofit schools was provided. Two elementary schools were selected using a simple random sampling method from each region, so a total of 10 elementary schools were included in the study (5 profit and 5nonprofit schools). The elementary school in Iran is composed of six years, so, a selection of six classes was randomly selected from each school, and all students were invited to participate in this study. Students with any chronic disease (for example malignancy, diabetes, heart disease, kidney disease) were excluded from the study.

Measurements and data collection
--------------------------------

SECA digital weighing scale was used for body weight measurement, in this situation, students had minimum clothes and no shoes during scaling. Also SECA body meter used for Height measurement and during scaling student's stands without shoes with normal position of the shoulder.

MedCalc 3000 system were used to determine BMI-for-age (BMI Z-score) and body weight status of respondents. BMI-for-age was classified into four groups, including underweight (\<5 percentile), healthy weight (≥5 percentile to \<85 percentile), over weight (≥85 percentile to \<95), and obesity (≥95 percentile) \[[@b32-cm-92-52]\].

Data on Breakfast habits and academic performance was collected by checklist including frequency of breakfast consumption per weak and Academic performance was asses by academic grade level including Excellent, Good and Need more effort, this checklist approved by expert and finalized in pilot study.

Data collection
---------------

Firstly, the study protocol was approved by the Medical Research Ethical Committee of Obesity Research Center of Minimally Invasive Surgery, Iran University of Medical Science.

In addition, approvals were acquired from the Ministry of Education in Tehran and selected schools. Signed consents were obtained from both children and their parents and checklist were distributed to them. All checklists were completed anonymously.

A total of 920 children with their parents were invited to participate in this study; 53 students were excluded from study because of chronic diseases (2 for anemia, 1 for migraine,1 for Chronic Kidney Disease (CKD), 1 for kidney stone, 5 for heart disease, 2 for Glucose-6-phosphate dehydrogenase, 2 for recurrent Urinary tract infection (UTI), 1 for nocturia, 2 for chronic sinusitis, 2 for Gastroesophageal reflux disease, 3 for diabetes, 2 for hypothyroidism, 2 for epilepsy,1 for thalassemia, 11 for asthma and 15 for allergies), and 13 other students were excluded because of incomplete information. Finally, a total of 829 children and their parents participated in this study.

Data analysis
-------------

We used SPSS (Statistical Package for Social Sciences, V 11.5) program for Statistical analysis. Mean and standard deviation were calculated for quantitative variables and frequency (percent) describes qualitative variables. For data analysis we used chi square or Fisher's Exact, p value less than 0.05 was accepted as indicating statistical significance.

Results
=======

In this study, 829 children entered the final analysis, the mean age of the participants was 9.77 with a standard deviation of 1.48 with the range of 8 to 12 who were 463 (55.9%) of girls and 366 (44.1%) boys. According to the World Health Organization classification, 7.4% of students were underweight, 20.6% were overweight and 14.6% were obese respectively.

The average breakfast consumption per week was 5.5 times with a standard deviation of 2.9. Based on the results, 30.9% of participants did not consume full breakfast (Six days or less than 6 in week (or less) and 69.1% had full breakfast.

In terms of academic grade level, 88.4% of the participants were in a high level and 10.3% in good condition and only 1.3% of the respondents needed more effort (inappropriate).

The prevalence of obesity in people who did not have full breakfast was 18%, in contrast to those who consumed breakfast, which had 13.1% obesity, the prevalence of overweight in those who did not consume full breakfast was not statistically significant (p = 0.1), [figure 1](#f1-cm-92-52){ref-type="fig"} shows the distribution of nutritional status in terms of breakfast consumption.

In those who did not consume full breakfast, 1.2% had an inadequate academic grade, and in the group that consume full breakfast, 1.6% of the participants were inadequate for an academic grade, In addition, the percentage of those who scored an excellent score was even more in the group of incomplete breakfast consumption than in the full breakfast group (89% vs. 87.1%). There was no significant relationship between breakfast consumption and academic status in the 2 groups of study (P=0.73) ([Figure 2](#f2-cm-92-52){ref-type="fig"}).

According to the results of this study, there is an increased prevalence of obesity among children who had a higher educational level (undesirable) than those with a desirable academic status. [Table I](#tI-cm-92-52){ref-type="table"} shows the nutritional status of the participants according to the academic performance status. The relationship between nutritional status of the participants and academic performance status was not statically significant.

Discussion
==========

Primary education is an important stage in the advancement of consciousness and identity of the child as it is considered to be a bridge to the outside \[[@b33-cm-92-52]\]. At this stage of advancement, children are amazingly curious and primary education must encourage this inclination among the children from different ethnic, cultural, and socioeconomic background \[[@b34-cm-92-52]\].

Genetics and nutrition might be dependable on the variations that happen in early developmental abilities of children \[[@b35-cm-92-52],[@b36-cm-92-52]\].

One of the prominent nutritional aspects which affects education of children is breakfast consumption, which has been evaluated for mental function, physical activity, attending school and enhancing memory in remembering information in various researches \[[@b37-cm-92-52]\].

The pattern of breakfast consumption varies according to the variety of socioeconomic factors in different societies. In Tehran, due to cultural and ethnic diversity, breakfast consumption and its effective factors can be considered in different aspects. Based on the results of this study, 30.9% of participants did not consume full breakfast (six times or less) and 69.1% had full breakfast. The data on the lack of breakfast in elementary school students in Tehran in the years 1997 and 2005 were reported to be 4.6% and 6.6% respectively \[[@b38-cm-92-52],[@b39-cm-92-52]\].

Also, a study conducted in the city of Langroud (a city in north of Iran) in the year of 2008 revealed that 8% of the elementary school students had shortage of breakfast consumption \[[@b40-cm-92-52]\]. In Golestan and Zahedan, these figures were 8% and 2.5% in two separate studies respectively \[[@b24-cm-92-52],[@b41-cm-92-52]\].

A study conducted in Maryland, USA, also showed that breakfast was not consumed in 20 % of the students in the city \[[@b42-cm-92-52]\]. Other study which was done in Thailand in 2015 showed that 79% of students consumed breakfast each day, while one percent would never have breakfast \[[@b43-cm-92-52]\].

The lack of breakfast among Tehran's students compared to other countries as well as other cities in Iran indicates the rising trend of these statistics in recent years. Different factors affect the students' breakfast consumption, including socioeconomic status \[[@b42-cm-92-52],[@b44-cm-92-52]\], living in urban or rural areas \[[@b42-cm-92-52]\] parenting, familial environment \[[@b41-cm-92-52]\] and the school environment \[[@b45-cm-92-52],[@b46-cm-92-52]\].

Social factors have effect on food and taste preferences, and unhealthy eating patterns are connected with low socioeconomic status \[[@b47-cm-92-52]\].

According to previous studies, there was a negative relationship between high consuming breakfast rates and high BMI, the less eating breakfast, the more obesity would be find \[[@b14-cm-92-52],[@b48-cm-92-52],[@b49-cm-92-52]\], few studies have found that there is no significant relationship between breakfast and obesity or overweight \[[@b50-cm-92-52]\].

In this study, the lack of breakfast in obese and overweight children was more common than normal weight children, but the difference was not statistically significant. Other factors affecting the overweight and obesity of children include socioeconomic conditions, nutritional habits, physical activity and a history of obesity or overweight in parents \[[@b14-cm-92-52]\].

There is no obvious mechanism of the effect of taking breakfast on overweight and obesity, the risks of not having breakfast remaining unclear. Possible mechanisms have been proposed as follows: active kids after eating breakfast tend to enhance their physical activity and this reduce the risk of obesity. Taking bread and cereals fulfills the fiber protein in children's daily diet, as well as regulating glucose and insulin levels \[[@b51-cm-92-52]\].

There is a connection between impaired development status and both poor school performance and intelligence quotient (IQ) \[[@b52-cm-92-52]\]. The connection amongst convenient quality dietary consumption, brain size, and academic performance has been recorded \[[@b53-cm-92-52]\]. This recommends that difference in IQ and academic performance human could be relevant to brain size. Although genetic and environmental factors such as socioeconomic and psychological factors could be effective \[[@b53-cm-92-52],[@b54-cm-92-52]\].

Family status factors, for example, financial status and parents' level of education have been considered as indicators of children's academic development \[[@b25-cm-92-52]\].

Although some previous studies have confirmed the significant relationship between breakfast consumption and improvement in academic performance \[[@b55-cm-92-52]--[@b58-cm-92-52]\], this result was not observed in this study.

Of course, the studies considered a set of scores obtained quantitatively, different test results and non-attendance at school. In this study, the scores of students according to the new method of school scoring were evaluated qualitatively. Perhaps this factor in this study makes the relationship between breakfast consumption and academic performance meaningless. According to previous studies, the relationship between breakfast and academic performance can be related to homeostatic mechanisms in maintaining the concentration of blood glucose \[[@b59-cm-92-52],[@b60-cm-92-52]\].

This has not been confirmed in some other studies \[[@b61-cm-92-52],[@b62-cm-92-52]\], and other mechanisms, including the level of neurotransmitters, have been implicated \[[@b63-cm-92-52]\]; socioeconomic indicators such as education and family income are also effective on academic performance \[[@b64-cm-92-52],[@b65-cm-92-52]\].

In this study, children with favorable academic status had a lower prevalence of obesity in comparison with children with undesirable academic status. However, this difference was not significant. Obesity is associated with cognitive damage and leads to impairment in cognition, memory, language, and attention by reducing of a factor called the brain-derived neurotropic factor (BDNF) in the hypothalamus (a factor that leads to the maturation of neurons in the brain) \[[@b66-cm-92-52],[@b67-cm-92-52]\].

Therefore, academic performance that is relevant to reading, writing and speaking is affected \[[@b68-cm-92-52]\].

There are various limitation in this study which could be counted as follows: first of all, considering the cross-sectional nature of the study, it cannot be verified that there is a causal relationship between the dietary intake and the nutritional status of students with their academic status. Secondly, regarding the qualitative mean of a range of children in a desirable mid-point situation, there may be no significant difference between various weights groups in terms of academic performance related to this issue. It is suggested that according to the qualitative school scoring method, in future studies of academic performance, other parameters should be considered in addition to the average in order to provide a better picture of students' academic performance. Finally, we assesed frequency of breakfast consumption, not its nutrient content.

Conclusions
===========

This study is the first study to examine the relationship between the habits of breakfast, nutritional status and academic performance of primary Iranian students with various socioeconomic conditions in this large sample.

Unlike previous studies, this result did not show a relationship between the average grade of elementary students with nutritional status and breakfast habits.
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###### 

The Body Mass Index (BMI) status of the participants studied based on the academic performance status.

  ---------------------------------------------------------------------------
  Academic status   Excellent\    Good\         Need more effort\   P value
                    N (Percent)   N (Percent)   N (Percent)         
  ----------------- ------------- ------------- ------------------- ---------
  Underweight       54 (7.4)      7 (8.2)       0                   0.9

  Normal weight     421 (57.4)    48 (56.5)     7 (63.6)            

  Overweight        149 (20.3)    20 (23.5)     2 (18.2)            

  Obese             109 (14.9)    10 (11.8)     2 (18.2)            

                                                                    

  Total             733 (100)     85 (100)      11(100)             
  ---------------------------------------------------------------------------
